Abstract -Prototype current leads of BSCCO 2212 are being developed using the sequential electrolytic deposition of precursors on a silver or a silver alloy tape and heat treatments. The tapes are made using a continuous industrial process. This method of deposition, gives great flexibility in minimizing the mechanical stresses, the thermal conductivity and in ensuring the quench protection. Functional models were tested at 4.2 K in magnetic fields up to 7 T and in self field at 77 K. The maximum currents reached were 1000 A at 4.2 K and 100 A at 77 K.
I. INTRODUCTION
Bi 2212 superconducting tapes prepared using electrolytic deposits on a silver tape are used to produce the superconducting part of hybrid current leads.
As is widely described, hybrid current leads are composed from a normal part carrying the current from room temperature to an intermediate temperature (77 K or less -60 K) and a superconducting part.
The major attraction of such a current lead is to reduce the heat load due to the current transport in the HTS part and to develop a marketable, low price, zero resistance application.
Next to the ohmic losses, the thermal losses are a very important concern but will not be treated in this work. However, we will mention the way tu reduce the thermal conductivity of the substrate without introducing any problems in the electrolytic deposition of Bi 2212.
We report on the way to make such a current lead and the electrical properties of different stacks of tapes, at 4 K (0 < B < 7
T) and at 77 K.
TAPE PREPARATION
The high temperature superconducting tapes were prepared from a nominal composition of Biz Sr, Ca, Cu, 0, (BSCCO 2212) by an electrolytic process.
The 4 precursors were continuously electrodeposited ( Fig. 1 ) on a 50 pm thick silver tape, using the following baths: an aqueous solution of SO@ for Cu, Bi(N03)3 into dimethyl sulfoxide (DMSO) for Bi, SrC12 dissolved into a mixture of DMSO + acetonitrile for Sr and CaC12 dissolved into DMSO for Ca. To improve the adhesion of these precursors and to benefit of the homogenisation brought about by the presence of liquid phases, short heat treatments were alternated with electrodepositions.
The final thickness of the Bi 2212 layers was 3.5 pm. At this stage, the tape was annealed for a few minutes at 860 C, subsequently quenched down to room temperature and finally re-annealed for 1 hour at 840 C [ 11. The samples used for electrical measurements were 130 mm long, 10 or 20 mm wide and 50 pm thick coated on both sides with a 3.5 pm thick layer of Bi-2212.
To obtain a module, silver tapes of 50 pm thickness were attached either side of the Bi-2212 coated tape. Electrical contact between the HTS and the silver tape was ensured by using silver paint to join them. Braided copper (or LTS) wires were then soldered on to the silver tape using a lead-tin solder. This provides a strong physical connection between the silver and the copper (or LTS). Stacks with 4,5 and 10 modulus were fabricated (Fig.2) . Following the same line, 270 and 336 A are the currents which generate lpv/cm between the potential probes of modulus 1 and 3, respectively. However the genuine current capability of this current lead is of course 246 A at 4.2 K despite the fact 2 modules are still far under their critical current density (Fig. 5) . These effects are mainly due to the preferential deposition of some of the precursors in the vicinity of the sample edges which gives rise to dewetting and to cuprate excess (Fig.4) .
In another set of experiments, 5 modules of 10 mm width were stacked and joined as described in section 11, three of them were equipped with potential probes: the central one labelled 2 and the outer on each side labelled 1 and 3. The measured values are reported in Table 1 . The whole width of the samples is assumed to be good since the edges were cut off. Hence J, = 879 A/mm2 is calculated in dividing I, = 246 A, the current injected in the stack which generates a voltage drop of 1 pV/cm in the weakest tested module (the one labelled 3), by the whole cross section of the five modules (5 x 8 mm x 0.007 mm = 0.28 mm2). We label the modules of the stack from botton to top (Fig. 6) . (Table II) The total cross section of the superconducting assemblage was 0.56 mm'for I stack. Table I1 bad contact bad contact 884
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We have also tested a second stack of 10 modules. The lower critical current in the module labelled 2 in this stack was 504 A. (this module was the second half part of the same piece originally 20 mm).
Finally the two stacks of IO modules were joined together and the critical current of the set was measured as before. The critical current was about 1 000 A at 4.2 K and 105 A at 77 K, both values measured in the sample self field.
To get more information on the behaviour of such current leads, the applied magnetic field was increased in a sawtooth way in a stack of 4 modules. The results are shown in figs. 7 and 8.
Curves MI -direct and M2 -direct which are plots of J, versus the applied magnetic field respectively correspond to the 2 central modules. The maximum field was 7 T. The J, (0 T) appears as a function of the applied field. Some explanations in terms of the vortex lattice have been given elsewhere [3].
After this first experiment, the 4 modules stack was warmed over in the He gas and recooled. Another sawtooth cycle was applied and the current transport was reversed. The results are shown in figs. 7 and 8 (curves M 1 -reverse and M2 -reverse). Surprisingly, the sawtooth profile corresponding to the reverse current is above that of the direct current for the module M 1 and under for the module M2.
From these experiments it can be conclued that J, at 4.2 K and 0 T is sensitive to the history of the applied field, to the temperature cycle and to the direction of the transport current flowing through the modules.
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V. CONCLUSIONS ACKNOWLEDGMENT
These early results reported here are our first encouraging step in the realization of current leads able to carry I 000 A at 77 K. To achieve this goal, we have to -use a specific design to assemble more adapted modules into a more appropriate stack -take into account the self field distribution -increase the mechanical strength of the substrate -pay special attention to minimize the contact resistance of current injection -use silver-gold alloys as substrate to strongly decrease the thermal conductivity [4] -increase the overall Jc of the tapes. All this points are now in progress.
